Introduction {#sec1-1}
============

Optical coherence tomography (OCT) is a noncontact, noninvasive diagnostic imaging technique which provides *in vivo* images of retinal nerve fiber layer (RNFL) thickness that are reproducible, quantitative, and objective.\[[@ref1][@ref2]\] OCT shows a cross-sectional living histology of the retina.\[[@ref1]\] This modern diagnostic imaging technique was introduced in ophthalmology as a means to assess superficial and deep retinal layers including the choriocapillaris. OCT can also be used for cross-sectional imaging and measurements of the optic disc. The OCT is a computer-assisted precision optical instrument that allows analysis of the retinal structure by means of high-resolution tomographic cross-sections of the retina with ≤10 µm axial resolution. It allows visualization of cross-sections of the retina, enabling diagnosis and follow-up in glaucoma and numerous retinal conditions. It works on the principle of low coherence interferometry.\[[@ref3][@ref4]\]

OCT imaging is similar to ultrasound but here light is used instead of sound. A near infrared light beam is projected on the retina. The instrument contains an optical interferometer which detects reflection delay and backscattering of light and compares it with a reference reflection from a built-in mirror.\[[@ref5]\] The interferometer gives a signal, the strength of which depends upon the optical reflectivity of each retinal structure allowing construction of high-resolution B-scan images. RNFL thickness is measured using algorithms based upon reflectivity changes between adjacent structures.\[[@ref6]\]

The aim of the study was to assess RNFL thickness measurements of normal Northern Nigerian adults in Aminu Kano Teaching Hospital (AKTH), Kano, Nigeria using OCT. This is of importance in the diagnosis and monitoring of patients with glaucoma and would serve as a reference data of normal RNFL thickness in our environment. To the best of the authors' knowledge, no study has been carried out in Nigeria to determine normal RNFL thickness measurements using OCT.

Subjects and Methods {#sec1-2}
====================

The study adhered to the Tenets of the Helsinki Declaration. Ethical approval was obtained from the Ethics Review Board of AKTH. This descriptive cross-sectional study was carried out from April 2010 to January 2011. The minimum sample size calculated for the study was 100 using Fisher\'s formula. Consecutive subjects that consented and had normal findings on basic eye examination were recruited into the study. One hundred and ten subjects took part in the study. These were randomly selected and comprised of staff of the hospital, medical students of Bayero University Kano, students from the School of Information Management AKTH and outpatients that presented to the eye clinic of AKTH who met the inclusion criteria. Criteria for the inclusion were age 18 years and above, consent to be part of the study, unaided visual acuity of 6/6 or better, normal intraocular pressure (10--21 mmHg),\[[@ref7][@ref8][@ref9]\] a clinically normal optic disc (pink, well defined margins, normal vasculature in the absence of other pathologies). Subjects with a history of glaucoma, intraocular surgery, a laser procedure, ocular trauma, and a history of systemic diseases such as diabetes mellitus, hypertension, and sickle cell disease were excluded from the study. Visual acuity was tested using an illuminated Snellen\'s chart; anterior segment examination was done using a slit lamp bio microscope while fundus examination was done using a Keeler professional Direct Ophthalmoscope. The intraocular pressure was measured by applanation tonometry. The OCT procedure was carried out with the Carl Zeiss Stratus OCT Model 3000 software version 4.0 (Carl Zeiss Meditec AG, Jena, Germany). The fast RNFL scan protocol was used to obtain RNFL thickness measurements from both eyes of the subjects. The computer gave an analysis of the average RNFL thickness, the thickness of the superior, inferior, nasal and temporal quadrants, and thickness of clock hours. Scans with signal strengths of 6 or more out of a maximum of 10 were included in the study and those with \<6 were canceled. In addition, scans that showed "scan too high," "scan too low," or "missing data" were repeated.

Data analysis was done using the statistical software Statistical Package for the Social Sciences version 16.0, International Business Machines Corporation, Armonk, New York, United States of America. Student\'s *t*-test was used to compare the mean RNFL thickness values between males and females and between right and left eyes. A *P* ≤ 0.05 was considered as statistically significant. Average RNFL thickness was correlated with age, and the correlation coefficient was estimated.

Results {#sec1-3}
=======

One hundred and ten subjects took part in the study. There were 77 males and 33 females (male:female = 7:3). Their ages ranged from 18 to 51 years and the mean age was 30.47 ± 7.80 years. [Table 1](#T1){ref-type="table"} shows a summary of the age and sex distribution of the subjects.

###### 

Age and sex distribution of subjects

  Age (years)   Male (%)    Female (%)   Total (%)
  ------------- ----------- ------------ -----------
  18-27         27 (58.7)   19 (41.3)    46 (100)
  28-37         27 (71.1)   11 (28.9)    38 (100)
  38-47         21 (87.5)   3 (12.5)     24 (100)
  48-57         2 (100)     0 (0)        2 (100)
  Total         77 (70)     33 (30)      110 (100)

Two hundred and twenty eyes of 110 subjects were tested in the study. The overall average RNFL thickness was 104.17 ± 10.71 µm. The mean values of the RFNL thickness in the inferior, superior, nasal and temporal quadrants, and are summarized in [Table 2](#T2){ref-type="table"}. The mean RNFL thickness for the male and female subjects was 102.64 ± 10.22 µm and 107.73 ± 11.08 µm, respectively. There was a statistically significant difference (*t* = 3.30, *P* = 0.001) with the RNFL being thicker in females. The mean RNFL thickness by quadrants for the male and female subjects is summarized in [Table 3](#T3){ref-type="table"}. The gender difference between the mean measurements for the inferior and superior quadrants was statistically significant.

###### 

Mean RNFL thickness by quadrant (*n*=220)

  Quadrant   Mean±SD (µm)
  ---------- --------------
  Inferior   129.15±16.87
  Superior   135.34±20.40
  Nasal      85.10±23.60
  Temporal   67.19±13.27

*n*=Number of eyes, SD=Standard deviation, RNFL=Retinal nerve fiber layer

###### 

Mean male and female RNFL thickness by quadrant

  Quadrant   RNFL thickness±SD (µm)   Student\'s *t*-test   *P*    Significance   
  ---------- ------------------------ --------------------- ------ -------------- -----------------
  Inferior   126.48±15.85             135.36±17.63          3.68   0.001          Significant
  Superior   133.36±19.45             139.95±21.94          2.21   0.028          Significant
  Nasal      84.32±22.67              86.91±25.74           0.75   0.457          Not significant
  Temporal   66.60±13.96              68.55±11.48           1.00   0.319          Not significant

RNFL=Retinal nerve fiber layer, SD=Standard deviation

The mean RNFL thickness of the right and left eyes was 106.78 ± 10.26 µm and 101.55 ± 10.56 µm, respectively. This difference was statistically significant (*t* = 3.73, *P* = 0.001). In all quadrants, RNFL was thicker in right eyes with a statistically significant difference in the mean values between the right and left eyes in the superior, nasal, and temporal quadrants.

A negative correlation was found between mean RNFL thickness and age as shown in [Figure 1](#F1){ref-type="fig"}. RNFL thickness decreased with increasing age (Pearson\'s correlation coefficient *r* = −0.313, *P* = 0.002). [Figure 2](#F2){ref-type="fig"} shows the RNFL OCT print out of a normal male subject.

![Correlation between mean retinal nerve fiber layer thickness and age](AAM-15-52-g001){#F1}

![Retinal nerve fiber layer thickness optical coherence tomography print out of the right eye of a normal male subject](AAM-15-52-g002){#F2}

Discussion {#sec1-4}
==========

There appears to be paucity of studies giving normal data values for peripapillary RNFL thickness in adults using OCT in our setting. To the best of the authors' knowledge, no study has been done in Africa to generate the normative database for RNFL thickness in adults using OCT. Normal data for RNFL thickness enables distinguishing normal from disease conditions. The OCT technology measures RNFL thickness objectively and detects thinning of this layer, which can occur in conditions like glaucoma.\[[@ref10]\]

In this study, the subjects were mainly in the young and middle-age group. There were also more males than females. This is in line with the pattern of the hospital attendance.

Average RNFL thickness of subjects in this study was found to be similar to that of Indians\[[@ref1][@ref2][@ref11][@ref12]\] and Japanese.\[[@ref13]\] Lower mean RNFL thickness values were obtained in similar studies carried out in California,\[[@ref14]\] New England,\[[@ref15]\] and Italy.\[[@ref16]\] Racial differences could be the possible explanation for this. All these studies were carried out using the Stratus OCT. Studies have shown that RNFL thickness values differ between different OCT types and these should not be used interchangeably.\[[@ref17][@ref18]\]

The mean RNFL thickness in this study was most in the superior quadrant, followed by the inferior quadrant, then the nasal, and finally, the temporal quadrant. This finding is contrary to the ISNT rule and a significant difference. Similar findings were seen in some Indian studies.\[[@ref1][@ref2][@ref11]\]

The thickness of the RNFL was found to be more in females in this study. A Latin American study showed the inferior RNFL to be thicker in Latino women than in Latino men. This could be due to racial or ethnic differences.\[[@ref19]\]

Findings from this study showed the RNFL to be thicker in right eyes. To the best of the authors' knowledge, there is no study with a similar finding. The possible reason for this finding is difficult to explain. More studies are needed to give more evidence of this finding.

There was a decrease in RNFL thickness with increasing age of the subjects studied. Increasing age is associated with a decline in RNFL thickness. This is in keeping with findings of other studies in North America,\[[@ref6][@ref20]\] Latin America,\[[@ref19]\] Germany,\[[@ref21][@ref22]\] India,\[[@ref1][@ref2][@ref12][@ref23]\] Iran,\[[@ref24]\] and Japan.\[[@ref13][@ref25][@ref26][@ref27]\] Lower RNFL values in older patients may not be due to a pathological cause.

A limitation of this study is that it was carried out in North-Western Nigeria, the population of which comprises mostly the Hausa-Fulani ethnic group. This makes up one-third of the major ethnic groups in the country therefore, not giving a full picture of what could be obtained in other parts of the country. Second, the study population consisted mostly of young and middle-aged individuals. Values obtained therefore, may not be generalizable. Visual field testing was not done on the subjects. However, those with characteristic optic disc changes suggestive of glaucoma were excluded. In the future, similar studies should be carried out in other geopolitical zones of Nigeria so that RNFL thickness values obtained could be compared to know if the findings from this study are peculiar to the Northern part of Nigeria or if the same findings are obtained in all parts of Nigeria. In addition, older subjects should be included in future studies to give evidence of stronger negative correlations between RNFL thickness and age. Importantly, the OCT technology should be made more available in training centers in Nigeria and other parts of Africa to generate normal data of RNFL thickness measurements. OCT is essential in the management of diseases of the retina and optic nerve.

Conclusion {#sec1-5}
==========

Normal RNFL thickness measurements of healthy Northern Nigerian adults are presented. RNFL was found to be thicker in females and in right eyes. In view of this, females with apparently normal RNFL thickness may have glaucomatous damage. The values were comparable to those of the Indian population but higher than some Caucasian values.
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